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invention, it is no longer necessary that the beam is flexible. Accordingly, this invention 
provides, in the first aspect, a fastener which incll j^^Jg^^^^i^V0 1? KAY 2006 

(a) a fastening element having a beam, an engagement means located on one side 
of the beam, a base and a flex point separate from the beam; and 

(b) actuating means attached to the fastening element and including a material 
adapted to contract when activated; 

wherein the beam is movable, upon contraction of the material, between an engagement 
position and a disengagement position, and wherein the base has a first arm and a second 
arm joined by the flex point, the beam being located at one end of the first arm and the 
flex point being located on the same side of the beam as the engagement means. 

The fastener of this first aspect of the invention is designed so that, when the material 
contracts, the fastening element flexes or moves about the flex point and the engagement 
means is drawn out of the engagement position. The fastener may be otherwise as 
disclosed in International Patent Application No. PCT/AU03/00759, except that it is not 
necessary that the beam flexes to enable the engagement means to disengage. 

The fastener of this first aspect of the invention may be made of any suitable material, 
including plastic or metal. The fastener may be made of a combination of materials. 

The tensile strength of the beam should be sufficiently high that the fastener can fasten 
useful loads. Preferably, the material of the beam has sufficient fatigue strength to 
accommodate the desired number of locked/unlocked cycles. 

the engagement means preferably takes the form of a projecting wedge which can key 
into a corresponding recess in a wall of an element. Other configurations are possible. 
For example, the engagement means may be a snap means, a rod for latching over a 
hook, or an aperture which can latch over a projection such as a peg. The engagement 
means may take the form of a dovetail on the beam fitting into an appropriate recess. 
The fastener of the invention can engage with an identical fastener, for example. 

Preferably, the material, which contracts when activated, is a shape memory material as 
has been discussed above. Preferably, the shape memory material is a titanium-nickel 
wire which, when sufficient energy in the form of an electrical current is applied, heats 
to or above a temperature at which the material shrinks by about 4 to 5%. As will be seen 
from the discussion in connection with the drawings, below, on application of energy 
such as electrical energy in order to generate heat above a predetermined level, the beam 
can be caused to move away from the engagement position in which a first element is 
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a »wnt thereby releasing the elements. Conversely, if the shape 

r;rstsi — - «— — in sorae 
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second fastening system and, optionally, witn m 
linkage preferably takes place using a connecting rod. 

fastening system by a linkage, the first and se . 

~: £SS*J.2K==- ■ - — — 

by any one of the following: 

f a. means adapted to contract when activated in the first 
(a) activation of the means aoapwu m 

fastening system; 

W activation of the means adapted to comract when abated in me second 
fastening system; 

(0) activation of the means adapted to coutrac, when achvated in both the lira. 

and second fastening system; and 
(d) manipulation of a manual override. 

te fourth aspect of the mvennon. P* I ^ fc ^ aU 

more linked fastemng systems . su« g f 

to all can be released by using the manual override. 

The fastening systems may be chosen from any of the fasteners or fastening systems 
^"orfromanyofl.er^.e^eror^S^- 

,„ a further aspect this invention provides a fastener assembly including: 

Biaarngmeansu^ngmecgagementmeans towards Composition; and 

m cans for drawing the engagement means "JSJSTJS 
unlocking position, the drawing means compnstng or mclndmg m 
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to contract when activated. 
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In a further aspect, this invention provides a fastening system including; 
first engagement means; 
second engagement means; and 

a locking element moveable between a locked position in which the first engagement 
means is maintained in engagement with the second engagement means and an unlocked 
position in which the first engagement means is free to disengage from the second 
engagement means; 

wherein the locking element is adapted to be moved to the unlocked position by means 
adapted to contract when activated, being different from the locking element. 

The first engagement means preferably includes projections mounted on a pair of arms, 
the projections being designed to be received within a complementary cav»ty composing 
the second engagement means. In this embodiment, the locking element is preferably 
located between the arms of the first engagement means. In the locked position, the 
locking element holds the projections of the first engagement means in the cavity of the 
second engagement means. The locking element is preferably designed to be pulled 
away from its position between the projections to enable the projections to move 
inwardly towards one another and be withdrawn from the cavity of the second 
engagement means. Is some respects, this can be regarded as similar to the construction 
of the locking element exemplified in International Patent Application No. 
PCT/AU99/00185. 

It is further preferred that the locking element is in the form of a strip and that likewise 
the first engagement means and the second engagement means are provided in strip 
form. Examples of these were also given in International Patent Application No. 
PCT/AU99/00185. 

The means adapted to contract when activated preferably comprise or include shape 
memory alloy wire, such as that discussed above. Other materials may also be suitable. 

The fastening system is preferably designed so as to be maintained in the locked state in 
the absence of any power. For release, when the means adapted to contract when 
activated are shape memory alloy wire, switching on the power enables the SMA wire to 
heat and contract, pulling the locking element out of the locked position. If the SMA 
alloy wire is permitted to cool, the fastening system can be biased so that it will return to 
the locked position. 
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faster to be used with the improved faming system of the invent™ . not hunted to 
the fasteners disclosed below. Other fasteners may well be useful, tncludtng those 
disclosed above and in the following patent specifications, the contents of whtch are 
incorporated herein by reference: International £ 
PCT/AU99/00185, International Patent Application No. PCT/AU03/00759 and 
Australian Patent Application No. 2002953616. 

Generally, the fastener suitable for use in the system of the invention will perform .0 the 
sanre specifications as mechanical fasteners, having transfer tees wh,ch meet 
Kaditiona. retirements for tension, shear and clamp. Preferably, fire fastened wtl. also 
have the capability to report their own status, report on what parts are m place and report 
on whether the fasteners are attached or unattached, attached properly or ovetstressed. 

fa a further aspect, this invention provides a fastener which includes: 

(a) a fastening element; 

(b) actuating means attached to the fastening element and including a material 
adapted to contract when activated; and 

(c) restoring means adapted to restore the material to a relaxed state when no 
longer contracted; 

wherein the restoring means contains or comprises elastomeric material adapted .0 be 
deformed by contraction of the material adapted to contract when actuated. 

The sixth aspect of the invention may be used in conjunction, with, for example, the 

ZL in the second aspect of this invention, or the fastener 

Patent Application No. PCT/AU03/00759, or in conjunctton wtth other fasteners, 

disclosed in this specification or otherwise. 

The fastening element may be any suitable fastening element. 

The material adapted to contract when activated is preferably shape memory alloy wire, 
as has been disclosed or discussed before. 

The restoring means is preferably an elastomeric material which is adapted to be 

Thy Itracfion of the materia, such as the shape memory alloy 
is also adapted ,0 return to to original shape after the materral (such as fte SMA «ore) 

.axes. Preferably, the restoring means contains, surrounds or 
Suitable material for the restoring means wi.1 be apparent .0 one stalled m the art On 
Liable material may be polybutyl sulphide. For example the SMA w„e may be 
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• „.m M n<: As another example, the SMA 

e on the SMA wire (or other material) in 
The restoring means may impart a linear force o ^ ^ 

, order to restore it to the original *«- °< combination of 

not limited to this. The forces may be in any su ^ ^ rf ^ 

directions. Some of these are other suitable material to 

restoring means is to restore the shape memory alloy 
the position it had before contraction. 

♦ -.1 it is oossible to dispense with return springs. The 
10 By using an elastomenc material it P ^ means can als0 

— rs£ — •-— 

damage during handling, transport, etc. 
thereof in the accompanying drawings, in wh.ch: 

Figure n S a sM ec 1 cvanono fai e to ene r o f *c fit s t asp, t o fth einvcn ti onin th c 
engaged position; 

FiguI = 2 is the fastener of Figure 1 in the disengaged position; 

„ Fignre 3 is the fastener of Figures . and 2 in rear elevation; 

^^s.owsane—tof.efastenerofFig.res.^andSinapracdca, 

application; 

H ^ sh .-.*-.-.«----*•-- ,i * ,,,, '• , * ,,,- 

aspect of the invention; 
.^eeisa.efasteningsystemofFigu^inpian.ew.in.eengageds.atc; 

Figure7isl „efa Ste nings yS ,e m of F ignres 5 and 6 ,n tt .edi S engaged S ,a,e; 
^eSAisane^odedviewofasecond—entof.esecondaspectofd.e 

invention; . 

Wed view of a variation of the second embodiment shown in Figure 
Figure 8B is an exploded view or a v<u 
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Figure 8C shows a sub-assembly of Figure 8B; 

Figure 8D shows part of the assembly of Figure 8B in the engaged position; 
Figure 8E is a sectional view taken along the lines A-A of Figure 8D; 
Figure 8F is a similar view to Figure 8D but showing the disengaged position; 
s Figure 8G is a sectional view taken along the lines A-A of Figure 8F; 
Figure 9 is an enlarged detail of the embodiment of Figure 8A; 
Figure 10 is a top plan view of a third embodiment of the fastening system of the second 
aspect of the invention; 

Figure U is a side sectional view of the fastening assembly of Figure 10, in the looked 
10 state; 

Figure 12 is a top plan view of the fastening system of Figures 10 and 1 1, but in the 
unlocked state; 

Figure 13 is a cross-sectional view of the ring clip fastener of Figure 12 in the unlocked 
state and is useful for comparison with Figure 11; 
15 Figure 1 4 is a further embodiment of the fastening system of the second aspect of the 
invention, being a stud fastener, before entry of the pin into the aperture; 

Figure 1 5 shows the fastening system of Figure 14 in the locked position; 

Figure 16 shows the fastening system of Figures 14 and 15 in the unlocked position; 

Figure 17 is an exploded view of a further embodiment of the second aspect of the 
2 o invention, showing a second embodiment of stud fastener; 

Figure 18 is a top view of a variation of the embodiment in Figure 17; 

Figure 19 is a cross-sectional view of the embodiment of Figure 18, taken along the lines 

A-A of Figure 18; 

Figure 20 is a top view of a third embodiment of stud fastener; 
25 Figure21 is a cross-sectional view of the embodiment of Figure 20 taken along the lines 
A-A of Figure 20; 
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<•„ fi.rtw embodiment of the fastening system of the 
Figure 22 is a top plan view of a further emooouncn 

invention being a type of stud fastener, 

• i • ^ftfeP fastener of Figure 22 in the locked state; 
Figure 23 is a cross-sectional view of the fastener oi rig 

i aR that of Figure 23, but showing engagement 
Figure 24 is the same cross-sectional view as that oi rig 

s of a pin; 

state and is useful for comparison with Figure 24; 

invention being a stud fastener; 
. Figure 27 is a bottom end view of the embodiment of Figure 26 with the rear cap 
removed; 

FigU re28 shows ,„eemoodimen<ofFis«e26 withthepin removed, in me indeed state; 
Figure 29 5 ho WS me,mbodime„ t ofF ig ure26wim,he P inren,ove4inmeun,oc 1 ced. 

state; 

. ^COisabonomendviewoftheembodimentofFigureaa.inmelocWposition; 
^snsasecriona.viewofmefaateningassembiyofFig.eSO.taitenalongdnehnes 

17-17 in Figure 30; 

Figure 32i S abo«omendviewof,hee m bodimen«ofFigu re 26,ind 1 enn 1 oc k edposirion; 
^^JUa.ecrionaUiewcfmefastenerofFigureBO.ta.ena.ongn.e.ines.W^m 

2 o Figure 32, in the unlocked position; 

Flgure 34,sap,anviewofamanualoverride for me fastening system of the second 
aspect of the invention; 

FigU re35issecdona l5 ideviewofmeoverrideofFigure34,. k ena>ong«heiines20.20; 

Fig ure 36 shows the manua! override of Figure 34 in the unlocked position; 
. Figu re37isasidesec«ona,v i ewn 1 he»a.on 6 me.ines23-23ofFigure36; 

Figure 39 is an enlargement of one of the fastening systems of Figure 38; 
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^^^^^^^^ 

removed; f , 

Fig nre 4. « a * sectional ™- ^™ the fastening system in the looted 
invention, being a type of m-hne ^„ reducti „„ assembly, 

5 pM ition and also illustrating an embedment of a sttat 

Fig nre 42 is a top sectional view of me embodiment of Fignre 41; 
Rgure 43isane„la I gedviewofmele fl bande„dofthee ro bod i ment,n Fi g J te4, ; 

F , gure 44s h o.s,beembod i men,of Fl gme43a SS oona S me U » 1 oo W ngpo S i li onbasbeen 
attained; 

. ,■ *«fPi« ue 44 during cooling of the drawing means; 
10 Figure 45 shows the embodiment of Figure 44 during 

^^^^^ 

Fi6Ure 49sbowsbow.bene t wo tk ooneep,e X emp.if,edm F igote47and4Sma y be 
extended throughout many vehicle components; 

fastener system of the invention; 
^^^.e.empimesamm^of.^gsys^ofmeinvenHo.mamotot 

vehicle; 

'rtbudaspeotofmemvendon.inmeun.ooHngpoamon, 

Figure 53 U an end view of the latch which is mourned in Figure 52; 

rfnnal view of the embodiment of Figure 52 in me locking 
2s Figure 54 is across-sectional view oi in 

position; A . 

Figure 54; 
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Figure 56 is a side sectional view of a second embodiment of the fastening system 
according to the third aspect of the invention; 

Figure 57 is a side sectional view of a third embodiment of the fastening system 
according to the third aspect of the invention, showing a manual ovemde; 
s Figure 58 shows in cross-sectional view an embodiment of a fastening system of the 
fourth aspect of the invention, in the locked position; 
' Figure 59 is a side elevation, in cross-section, of the embodiment of Figure 58, still in the 
locked state; 

Figure 60 is a cross-sectiona! view corresponding to .ha. in Figure 58 bu, showing .he 
10 fastening system in the unlocked state; 

Figure 61 oonesponds «o Figure 59, bu. shows ore fas.ening system in tine unlocked state; 
Figure 62 shows in sectiona. Unction a second embodiment of .he fourth aspect of tire 
invention; 

Frgure 63 is a sketch of a motor cycle incorporating .he fifth aapec. of the invention and 
„ shlng diagrammatic.ly.he .ocationof some of .he attachment nodes, 

Figure 64 shows tire rear par. of tire motor cycle of Figure 63, in connection with tire 
attachment of a pannier; 

Figure 65 is a similar view to that in Figure 64, with the pannier in place; 
Figure 66 is a similar view to drat in Figures 64 and 65. illustrating attachment of 
20 alternate forms of a seat; 

^ ^ a» nwnr cvcle of Figure 63, illustrating detachment 
Figure 67 shows a front portion of the motor cycle 01 rigurc , 

or attachment of a windshield, 

Figure 68 shows tire ton. par. of the motor cycle of Figure 63, showing nodes for 
attachment of a GPS system and a fuel cap; 
!5 Figures 69 and 70 iUustrate a firs, embodiment of me sixth aspect of the invention; 
Figures 71 and 72 illustrate a second embodiment of the sixth aspect; 
Figures 73 and 74 illustrate a third embodiment of tire sixdr aspect; and 
Figures 75-77 illustrate a fourth embodiment of the sixth aspect 
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Modes ofCarrgiag out thg Invention in its Various Aspects 
Turning first to the fastener being an embodiment of the first aspect of the invention and 
an engagement means 36 and a flex point 38. As can be seen, flex pomt 38 . separate 



from beam 34 



As shown in the rear elevation in Figure 4, shape memo* alloy wire 40 forms a loop in a 
p0O ve 44 in the back of beam 34 and is attached at each end to electron* modu.e 42. 
Wire 40 is shown partly in dotted outline in Figures 1 and 2. 

When wire 40 is heated by a current generated tough eleetronie module 42 and wire 40 
Tches a pre-determined tempore, it shrinks as shown in Figure :Z F = 
dement 32 bends or flexes at flex point 38 and engagement means 36 . dr w out o 
engagement with an engaging surface (no. shown). As shown m Frgure 2 Wspnng « 
is impressed. If wire 40 is allowed to eool, it relaxes and leaf sprmg 
urging engagement means 36 back into engagement with the engagmg surfaee (no, 

shown). 

This embodiment can provide an enhanced positive engagement through engagement 
means 36 and greater strength to fastener 30, since beam 34 „ no. reared .0 bend. 

Figure 4 shows a practical applieation for fas.ener 30 fflus.ra.ed in Figures 1* In Figure 
TZL 30 is shown in situ fastening eap 31 to base 33. As ean be seen ,. F.gure 4, 
ngagemcntmeans 36 of fastened engages .edge 35 of oap3L Threebattenes 37 
provide a power source for eleetronie module 42, being acttvated by swttch 39. 

When switch 39 is pressed, batteries 37 provide 

heats shape memory alloy wire 40 sufficiently to cause shape memo* a.toy w,re 4 to 
conhact Engagement means 36 is drawn out of contact wrdUedge 3 C 4U 
, provided in cap 31 to allow for .bis movement of beam 34. When swdch 39 is pressed, 
LED 43 lights up to show that switch 39 has been activated. 

spring 47 urge cap 31 to separate from base 33. 
, charging«,n.ac te 49canben S ed.orechar g ebatteries37 i fofmerechar g cab.etype. 

Reference is now made to .he embodiment of the invention in the second aspect in 
S™7 ? in this embodiment, fastening syatem 50 includes pm 48 adapted to be 
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received in aperture 52. Lacking means 54 in the form of a circlip 54 are adapted to lock 
into groove 56 in pin 48. 

Aperture 52 is formed in plastic fasten* body 58 which includes ridge 60. Traveling 
bridge 60 wire40: insulated plastic^ 62 connect 

crimped ends (not shown) of wire 40 to circlip 54 and power leads 64. 

Figure 6 shows fastening system 50 in the locked state. In mis store pin 48 may be 
pufhed into aperture 52. Taper 66 on pin 48 serves to push crcltp 54 apart, unhl I t ndes 
1 groove 5o!where it remains .ocked. Thus, there is no need to acttvate w,re 40 . 
order to insert pin 48 in aperture 52. 

Figure 7 shows fastening system 50 in the unlocked position. In this Figure, wire 40 has 
ZlL ed through power fed from leads 64 «o wire 40, to me extent that we 40 
ZTtei I connection a, enpa 62 with circlip 54, wire 40 in the con.rac.eu 

and permitting the unfastening of pin 48. 

Referring now to Figure 8A, rateable fastening system 150 includes a pin 152 adapted 

ml!?*! in anfperture 154 of main body .56. Clip spring .58, 

Lsis .60 and shape memory aUoy wire .62, comprise the .ockmg mens for ptn 1 52. 

Pin 152 has a wide groove 163 around its circumference. Groove 163 is adapted to 
£££ which can embrace groove .63. dip chassis .60 ca.es dtp 

1 58 and acts as a type of circlip. 

• i cf) : c noweA with clip chassis 160 in the manner shown in Figure 
TEZZZ I^sac^itshrinksandpunsapartc.ipcha.is 

160. 

To iockpin .52 into main body 156, pin 15 2 may be pushed by hand <f^27 
]«, into aperture .54. dip chassis .60 and dip spring .58 ope, , su»o allow 
pin 152 to be received, so that clip chassis 160 engages groove 163 on ptn 152. 

chassis 160. Clip chassis 160 is hinged at 168. 
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blocking and which generates the heat necessary for contraction of wire 162. Rear 
cover 174 completes the housing of fastening system 150. 

Clip spring 158 biases clip chassis 160 towards the looted position and in this 
embodiment assists wire 162 to return to the locked position when .t relaxes. 

in a variation of fastening system 150, clip chassis 160 may be eliminated. In this case, 
clip spring 1 58 is adapted to be engaged by shape memory alloy wire 162 and to be 
£ IJL by contraction of me wire when it is desired to unlock the fastenmg system. 

Reference is now made to me embodiment shown in Figurea 8B .0 8G Were parts am 
IZ to those in Figurea 8A and 9, me same numbers will be used, w„h the addition of 
the letter "a". 

As shown in Figure 8B, releasable fastening system 150a includes a pin 152a adapted «o 
b Ived in ^aperture 154a of main body .56a. Spring 158a togedter w* chp 
chassis 160a and shape memory alloy wires 162a comprise the lockmg means for pm 
152a. 

Pin 152a has a wide grove 163a around its circumference. Grove 163a is adapted to 
^ive clip chassis 160a which can embrace gmve 163.. Spring 158a snaps mto grove 
1 16 of clip chassis I60a and biases it towards the engagement position. 

Shape memory wire 162a has two separate loops, 118 and 120. These are engaged with 
^chassis 160a in the manner shown in Figure 8C. It will be appreoiate . company 
Figure 8C with Figure 9, that shape memory alloy wires 118 and .20 will be under .ess 
strain than wire 162 in Figure 9, when activated to contract. 

To lock pin 152a into main body 156a, pin 152a may be pushed by hand, by pressure on 
cap 164a into apertiire 154a. Clip chassis 160a, alttiough bias to *e closed positionb 
spring 158a, will open sufficiently to allow pin 152a to be received, so that clip chassis 
160a engages grove 163a on pin 152a. 

To unlock pin I52a fan main body 156a, as already describe* both wnes 1 U and 120 
of wires 162a are heated sufficientty for them to contract Eachofwres 118and 120 
IchTd to dip chassis 160a as shown in Figure 8C. Consequently, contraerion of wnes 
Z Id IZhs apart clip chassis 160a sufficiently for pin 152a to be wrthdmwn fan 
clip chassis 160a. Clip chassis 160a is hinged at 168a. 

Menus for a manual overide of fastening system 150. a« shown - * 

Cap 164a includes slot 122. A suitable tool may be inserted tn slot 122 . cap 164a and 
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, corresponding to slot .22 on cap 164a u, plate 126 ^ 
,he same tool may be used to manually release p,n 152a, m a similar way 

described for slot 122. 

, • r foct^Pr 04 is oarticularly suitable for securing components 
In Figures 10 to 13, nng chp fastener 94 . part J ^ ^ ^ 

to a panel, such as an ins—tun panel. Fanner 94 ^ ^ 

10 Figures 10 and 1 1 as engaging fastener peg 98 and m Figures 
fastener peg 98. 

„ P e g 98 — groove ,04. men peg . * ~ £ 

eroove 104 to lock peg 98 m fastener yi. u" 
„ in a panel housing by simple manual pressure, for example. 

peg 98. Engagement sensor 112 confirm* engagement of peg 
oommuoicate that information to a computer (not shown). 

, I — in fastener 94 includes a shape memory alloy (SMA) wire 
As can be seen torn Figure 10 fisten« 94 - rf bias ^ 108 . 

20 416 which is connected to terminals 418 which bear on 

r a « <ma wire 416 - for example, electrical energy - 
When appropriate energy is applied to SMA w . m as 

and SMA wire 4.6 is heated 1 . * — — «» * «» ^ 
shown in Figure 12. Contraction m are foreed apart. Arms .06 

Because terminals 418 bear on arms 106, ' wnsor n2 can report 

s move out of groove 104, permitting release of peg 98. Engage 
on the release of peg 98. 

„• u, n .« (heseshowanembodimentofastudfaateningsystem 
Referring now to Figures 14 to 16 these *o Me fastenill6 system 

„ the second aspect of me inventton '» jn 68 has , locking cavity in. 

70 includes pin 68 adapted to be received m aperture 72. 
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the form of indentation 74 around the circumference of pin 68. Associated with aperture 
72 in fastener body 76 are locking means in the form of arms 78 having protrusions 80 
designed to fit within indentation 74 in pin 68. 

Once pin 68 is pushed into aperture 72, protrusions 80 on arms 78 snap into indentation 
74. Stop 82 prevents disengagement by blocking outward movement of protrusions 80 
on arms 78. Activation of shape memory alloy wire 40 contracts wire 40 and draws stop 
82 from its blocking position against arms 78. Arms 78 may be biased to spring 
outwardly as shown in Figure 16, facilitating withdrawal of pin 68 from aperture 72. 
Spring 84 is biased to urge stop 82 to the locked position shown in Figures 14 and 1 5. 

In the illustrations in Figures 14 to 16, both pin 68 and fastener body 76 include 
conductor pins 86. These are optional. They may be used to provide power and data 
connections for the fastening system 70. 

Another optional feature is shown in Figures 14 to 16, in the form of retractable cap 88. 
This is used to provide a flat visual appearance on outer surface 90 of frame 10. In the 
embodiment shown, it is necessary to activate wire 40 in order to draw stop 82 from its 
blocking position against arms 78. Once that has occurred, pin 68 can push cap 88 
against the bias provided by spring 92, from the position shown in Figure 14 to that m 
Figure 15. In this position, shape memory alloy wire has relaxed to lock pin 68 into 
position. Figure 16 shows the unlocked position before withdrawal of pin 68 from 
aperture 72. 

Referring now to Figures 17, 18 and 19, the stud fastening system 180 in this 
embodiment is particularly suitable for heavy duty use. In this embodiment, pin 182 
having groove 184 and cap 186 is adapted to be received in aperture 188 of main body 
190. Received in main body 190 is shuttle 192. Shuttle 192 is adapted to rotate within 
main body 190 when a shape memory alloy wire (not shown) wound in grooves 194 
contracts. Activation of the shape memory alloy wire causes shuttle 192 to rotate in a 
direction which allows unlocking of fastening system 180. 

Shuttle 192 includes projections 196 which are designed to engage feet 198 of teeth 200. 
Projections 196 may be inclined as shown in Figure 17 or may be set an angle of 
approximately 45 degrees as shown in Figure 19. 

Washer 202 rests at the base of feet 198 when fastening system 180 is assembled. Small 
coil springs (not shown) are mounted in apertures 204 and bear against washer 202 to 
apply pressure against teeth 200. Apertures 204 are formed in centre plug 206. Aperture 
208 is designed to receive a further bias spring (not shown), which assists m returning 



Amended Sheet 
IPEA/AU 



Received 17 February 2006 



33 

that, the shape memory alloy wire (not shown) to its relaxed configuration, when no 
longer activated. 

Electronics module 210 is shown in this embodiment as being hard wired through cable 
212 and controls unlocking of fastening system 180. End cap 214 completes the 
assembly. 

In the variation shown in Figures 20 and 21, main body 190 is shown with a screw thread 
216 on which is received a nut 218. The purpose of nut 218 is to allow an element, such 
as a panel (not shown), to be received in gap 220. 

End cap 214 has a central aperture (not shown) through which it is possible to insert an 
appropriate tool to rotate shuttle 192 manually in the event that there is some 
malfunction of the fastening system. 

It will be noted from Figure 21 that washer 202 has been omitted and that teeth 200 are 
of a slightly different configuration to those in Figure 19. 

Reference is now made to Figures 22 to 25. These illustrate a stud fastener which can be 
substituted for the ring clip fastener of Figures 10 to 13. The stud fastener of Figures 22 
to 25 can be regarded as more robust and can carry a higher load compared to the nng 
fastener of the previous Figures 10 to 13. 

Peg 98 of Figure 10 is substituted by peg 98a shown in Figures 24 and 25. 

Fastening system 230 of Figures 22 to 25 has a plurality of teeth 222 adapted to engage 
groove 104a in peg 98a. Teeth 222 are biased towards the locked position by tension 
spring 424. Tension spring 424 also serves to keep teeth 222 in position. Peg 98a can be 
pushed into aperture 102. Ramp 1 10a on peg 98a will push against teeth 222 and against 
the tension of spring 424. As peg 98a is pushed into aperture 102, teeth 222 w.ll spring 
back into groove 104a to lock peg 98a into fastening system 230. 

Fastening system 230 includes engagement sensor 112. When contacted by base 114a of 
peg 98a, engagement sensor 1 12 can report connection of peg 98a in fastening system 
230 and hence connection of elements to be fastened, such as an instrumentation panel in 
a panel housing. 

Fastening system 230 includes shape memory alloy wires 426. These are wound around 
shuttle 428 which is rotatable within body 432 of fastening system 230. Shape memory 
alloy wires 426 are fastened at each end to a non-rotatable part of fastening system 230 
(not illustrated). When shape memory alloy wires 426 are caused to contract by the 
application of suitable energy to reach the necessary temperature, shuttle 428 rotates to 
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->< qhnttle 428 includes camming surface 434. As can be 
the position shown in Figure 25. Shutue 428 inciu 

seen by Figure 25, camming surface each t00th 222 out 

436 against the bias f^^^^^iU. system 230. 
of engagement with groove 104a. Thus peg 98a I 
s Tension spring 424 may also bias shape memory alloy wires 
configuration. 

:S»i 1 — - ~ <». *°- 5 aMi m * ns of scnsms roay 

course be applicable. 

, «• > „ f tfl - .pcnnd aspect of the invention in 
Reference is now made to (he embodiment of fte ««4*P 

. Figures 26 to 33. Fastening system 260 ^'mo " 

circumferential groove 256 (refer F.gures 31 and 33). Fasten g y 
aperture 258 into which stud 254 can be reccved by a push-fit. 
Fastening system 260 include, eight teeth 262. each having a tongue 264 which can 
engage groove 256. 

20 Shutue 266 is mounted for rotafion within 

pcihon is that shown in Figure »^T^S^54 when stud 254 is in 
the locking position mto aperture 258 and groove . » ^ ^ 

aperture 258). ^ second posihon >s tot shown or F.gu«2^ » 

,, n trt ot her through shape memory alloy wires 

rotate it to the unlocking position. 

. P0WetiSSWM 
via electrical wires 280. 

97R has been removed, shape memory alloy wire 274 can 
In Figure 27, in which rear cap 278 has \ s , msQS whether shuttle 266 is 

be seen. Also shown is shuttle position sensor 28Z Ttass 
in the locking or unlocking position and can report to an external 
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zsssss - - ■ « - ass nr= 

s minimise the amount of electrical energy requueu 

„• n „H 11 fastenine system 260 includes in this embodiment 
As best, shown m Figures 31 and , 286 „ in contact with 

slidingpl ug286 ^,Ig P.ug 286 down into 

10 whether stud 254 is engaged. 

■,1 a *n> hi^ <?nrine 290 and ejector spring 292. Bias spring 
Also shown in Figures 31 and 33 are bias spring zw a j i 

290 biases fastening system 260 to the locking position. Eje ^ f 
ejection of stud 254 when teeth 262 are no longer engaged m groove 256, 
Figure 33. 

locked or unlocked position. 

20 position, as shown in Figure 32. 

« .„ « these show a fastening system 260a similar to 
Referring now to Figures 34 to 37, these show a * f ta 

boning system 260 in conjunction w* a 7"£T*™£ 400 has manua, 

400 is joined to 

298 through slot 706. 

u ; + u nl , 708 which has engagement ledge 710. Engagement ledge 
Rod 402 is attached to knob 708 which has e g g ^ 
710 is shown in Figure 34 in engagement with catch 712. Spring 
locking position. 

i „„,mHe 400 knob 708 must be rotated by hand until ledge 
, In order to cpemte manual ^ ta* ^ upwardly 

7,0 is no longec in ***** ac(jator 298 ^pwardiy, 

(Figure 34) against the bias of sprmg : 7 H - ^ ^ ^ from me 

S : t ™— — - in Fi8ure 
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raan ual actuator 298 being in the position shown in Figure 36. At this stage, stud 254 is 
ejected as shown in Figure 37 because of ejector spring 292. 

v i _ n\(\ Thi<? links rod 402 with a second 

system 260a and 260b are manually released. 

As can be seen in more detai. in Figures 39 and 40, in .his -W-^J 
260a i S situated under cover 720 and party wimin mechan,sm oasmg 722, mounted 

10 bracket 724. 

Figures 4! to 46 show an embodiment of an Mine fastener, aedordmg to me seoond 
aspect of the invention. 

position by screws 516 attaching face plate 518 to flange m 

l .«.. w «io Electrical connection via conduit 514 is continued 
contained within box 512. Elc ^ . « 528 is insert ed beneath 

fastener case 522 by means of cable connector 526. bpnng p 

flange 520. 

20 Fastening system 510 is intended to engage f^™£^ f ^lm 
43), projection 524 protruding from a panel «. ^^J^J 34 . ^ 536 
510, the engaging means includes latch aims 530, shuttle 53W P 

i, w towards the locking position shown in Figure 41. bpnng yw ~ 
biases shuttle 532 towards me iouuu B v iTir |udes Teflon pad 544 to 

ejector plug 542 towards the unlocked position. Shuttle 532 includes Tetlon p 

25 facilitate sliding of shuttle 532 within fastener case 522. 

position shown in Figure 41 . 
so Sensor switches 552 contact extension 554 of 
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is that assembly 510 is in the unlocked state. 

5 locking position. 

shoulder 564 of shuttle 532. 

■ «8 „f latch arms 530, ensuring engagement ot 

Ends 566 of shuttle ^^^^ZZ) 
. ends568withrecess570inprojecnon524(seeF lg ure44) 

•• „„nlied through the electrical connection via cable 
When sufficient electrical energy • «W *» * ^ ^ posWo „, 

connector 526, wire 546 contracts, drawutg J»wl 53 ^ ^ ^ sholl , der 
shown in Figure 44. In this pos.tion ramp 56 ^ ^ pivoted rarop 

. 564 until projection 556 has encoiuuined travel hmUp « ^ ^ ^ ^ 

« 562 away from full contact with shoul «r 564 as « F J rf ^ 5J2 

546 is still contracted. The withdrawal o 530 pivot around pivot 
out of contact with ends 568 of latch arms 3<h Woh ^ ^ 

points 574 and move out of * ^ Lai JecL of projection 524 

spring 5"° P ushin « againSt ejeCt0r " B 
M from fastening system 510. 

ir ■. i„ 572 is removed, pawl 534 will pivot so that 

ft will be appreciated that if ttavd 1 tort pin ^ ^ move towards 

fl iere i s „oconrac,wiftshoulder564atall.Shu«e532w ^ ^ ^ ^ 

the locking position under the W g ^ not fcc possible unt „ wire 
engaged with fastening system 510. However, 
M 546 has cooled sufficiently. 

• i™, *>4 has been ejected completely from 

„• * wire 546 has completed elongation through 
to the configuration shown in Fig** $o ^ projection 556 has 

30 cooling, pawl 534 has moved «M * ^ , h position t0 engage 
contacted pin 558, causing pawl 534 to pivot 
shoulder 564. 
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be compressed against sptmg 540, «*«?^, ^ positio „ .gains, ends 568 of 
^ 570, ends 566 of shuttle 532 wr. b e*U o move P ^ ^ ^ ^ 

arms 530, spnng 536 wdUno shrttie ^ ^ ^ . M 

will engage shoulder 564 of shuttle 532, ready 

Nation of icdred or united state. '» »^™™ 542 and togh gap 578 
apermre 576, through an ^ (not ^ ^ ^ 
(see Figure 43) between latch arms 530. The todc» ^ ^ ^ 

of fastening system 510. 

seif-explanatory. Some of the MM -f ^ totions 

part of the "Intelligent Fastener network . Tb«e p 

fastener of tine invention, namely to attach components wtthm the 

• „• at « "Fastener nodes" are performing a secondary 
. Other fasteners refened to m F.g»re 47 ■ ^ motor , mc rear 

.nerelyanettampletmdnotUmttmgonthescopeot 

M Figure 48 is a diagrammatic iUustnttio, -f^^^X^ out the 
fasteners of the invention, referred ■ out me s6co ndary function, 

primary function discussed above and some are tarrymg 
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several other vehicle components, such as those shown m ngu 
explanatory. 

Figure 50 shows how » — * rzzzzz s rsi 

. number of sub-network wiring components J***""^ effec ,_ raoh fastenw of 
FigW 50 should bo compared ^^2£££Lm*P*>«" 

. With reference ,o Figure 5, Ms — an — == £ — 

system of me invention in a motor veh, le Af taMM 
. invention, which fastens a component to * "** ^ vehicle ^e, 

Fastener") is connected to the veb.de compufer via £CA» bu ^ 

Mnsmits data and/or instructions between the Intelligent Fasten 
» Sol" snch as a personal digital assistant (band-held computer). 

historical fastener function information. 

20 ,0 me vehicle and a secondary function of comrol of switching. 

> ,„ vilmKS 52 to 55, which illustrate an embodiment of the 
Reference » now made to FguKS « », 610 to engagement 

invention in the third aspect In Ftgures 52 to 55, "™« * fc unl(K;)dng 

m eans 612 movable between the locking posthon shown m Frgure 
position shown in Figure 52. 
25 Engagementmean S 6.2includesapairofJaws614pivo«able«.pivo.point616. 

BMi 6.8 includes cavity 620 defin* by arms 622, base 624 and stop 626. 

«t« i. in the locking position as illustrated in Figure 54, pivot 

apart jaws 614, as illustrated. 

Block 618 is urged towards engagement means 612, in die .ocking position, by coil 
X 628 which is positioned between block 6.8 and tube 630. 
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Block « — «> — *. ;m 

memory alloy wire 642. Smart memory alloy •» 642 rs 
external element 646. 

To a »ch me pane, lo me — ^^JTZ^^ 
,o energised by the external energy source via wues 640 to ^ g 

642 to heat and contract to the position shown . ^ Ipttnsp ^ 

that jaws 614 are posed around latch 644. At trass g ,P ^ ^ 

15 configuration shown in Figure 54. Coi spring * acc0 rdingly 

latch 644). Stop 626 is no longer beanng ^ way , ^ panel 
jaws 614 close as shown in Figures 54 and 55, engaging 
is fastened to the external element 646. 

2 o contracts and fastening system 610 assumes wc v 
jaws 614 from latch 644. 

varied considerably from mat show* m F.gures 2 «o 55 a* can 
mea ns 612 and block 618 may be provded as a module, replacea 
a module with a different engagement mechanism. 

second embodiment, fastenmg system ^650 ,s shown ^ fer 

a fuel filler cap The en^t ^mM**^ ^ te « 

30 means 612 in Figures 52 to 55. In figure , 
numbers as in Figures 52 to 55 . 
M system 650 has engagemenl 
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tha , rod 654 is engaging a M filler cap (no. *«* ^ J m 
end 660 as shown in Figure 56 or a ramped „ rod 654 a „d 

configuration in this regard will depend on the type of engageme 
5 the fuel filler cap. 

- «•> towards the locking position. Shape 
642 in aperture 634 of projection 632 from block 656. 

vehicle dashboard or pressing a bution on die vehicle key fob. 

. The embodiment shown in Figure 5, ^^JZ^X^ 
differs from drat in Figure 56 . two res ^ ^ J? 

from the vehicle dashboard or from the vehicle key fob. 
housing portion 678. 

, rained in channels 682 wtta hous,ng 684. S^o™ ^ ^ 690 
pane, 680, where U is fixed tough s»P 6* ^ J ^ length of shape 



means 672. 



shape memory alloy we 642 to * « P used „ ^hanically draw 

source (not shown) through wires 640, pul> 692 may 
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e. g a g emen. meats 672 to the right of the position she., in Figute 57, disengaging 
tongue 674 from the fuel filler cap (not shown). 

preferring .o the — ent of ,he next aspect ^ h J*^£ 
fastening system 600 has firs, engagement means £ £ 

s and second engagement means, being complement, cavrty 598 m cap 
system 600 is intended to hold cap 602 onto base 604. 

10 element 606. 

can be adjusted by tension screw 1 1 10. 

15 when it cools after contraction. 

Batteries 37 ate acrivated by switch 3, to ^^T^ZZ, 
Printed oitcuit boatd 1108 ^tns the a^t of powe^fed » « ^ 
pnnted circuit board 1 108 can perrmt power to be fed to wne «> 
L desired temperature has been reached a. ^ can also 

20 switch off the power to allow wire 40 to relax P-«" 
provide reports on the status, history, etc of fastenmg system 600. 

X.ee.bodimen.of.easpec.ofdtei— ^^SS-— " 
.oeKng Centen, as in me prcvious «nb— H = g ^ ^ ^ 

wiH be used for convenience, to theFigure 62^ ^ 

a first engagement means mcludmg arms 594 and jm«u ^ 
m eans is comprised by cavity 598 m capoOX A ^ wHch in this 

wtel protrusions 96 are engage^ *^*££* m ±„* V 
embody is .be taj ; c emenb H-*T « ^ ^ fc ^ ^ 
wtre 40 as shown Spnng U 12 «g ^ „„ ^ tha , 

» protrosions 96. sw,tch 39 J S ^t v^ 40 to hea. wire 40 to the temperamre 

batteries 37 provide . e appropn^e ^ » ^ ions 596 . At this 

allow cap 602 to be released from base 604. 
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i. • n wteries 37 Charging contact 49 may 
Charging contact 49 is provided for — 8 "^ponding p.ug - — («* 
take the form of a socket or plug to be mated w.m 

Sh0Wn> ' „• « ,o 68 framing system 10 (only part of which can be seen in 

Turning now to F.gures 63 to 68, tammg y ^ ^ „ most casM 

mis Figure) has several attachment „ tttadimCT . node .2a. 

by the faW and cowlings attached to ftame IB. ^ node 

is preferably of the type Ululated m F.gures 1 to J and 
UbispreferablyofmeWeillnsha.edinF.guresS.o7. 

64. and 65 where pannier 14 is to be 
^dividual attachments are shown . Figures 6 ^ ^ ^ h 

arched to frammg system 10 ;/7™ we i,lu S trated in Figures 14 to 16, 

anachmentnodesU. ~ 16 ^£SX^*F»~ A-nbeseen 
deS cribed above. ^ re65sh °^ PM r lXl4ismounted. Pannier 14 cannot be 

removed without authority, without damage to panntet 

,. .„t „ n rf« 1? for two alternate versions 



seat 18b, for example. 



20 



30 



Figure « shows in diagrammatic form the * « 

system 10 by suitable fasteners (not shown). Wmdscreen 

required. 

authorisation or without considerable damage. 

,„ Figure 69, SMA wire 40 .. me be ^ vertically, 

has contracted, causing elastomenc matenal ^figuration in 

El— materia. .44 retains , * ~ ^ „ ^ „ the require d 

of elastomenc material 144. 
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In the Figure 71 and Figure 72 embodiment, there are three SMA wires 40a, 40b and 
40c When wires 40a and 40b are heated to contract, elastomeric matenal 144 bends to 
the left side as shown in Figure 72. When wires 40a and 40b relax, elastomenc matenal 
144, with its tendency to restore itself to the original shape, will stretch out w.res 40a 
and 40b to the configuration shown in Figure 71. 

It will be appreciated that wire 40c, if activated, will bend elastomeric material 144 to 
the right. 

In Figures 73 and 74, SMA wire 40 is wrapped around elastomeric material 144 to form 
a spiral. When wire 40 is activated to contract, it compresses elastomeric materia 44 
which thus elongates as shown in Figure 74. The tendency of elast o--c -tend 144 
to return to its original shape will urge wire 40 to extend, when it has cooled sufficiently, 
to return the assembly to the Figure 73 configuration. 

In Figures 75, 76 and 77, the SMA wires are shown as forming the sides of a series of 
triangTes. Together, these are situated on the surface of a three dimensional bo y o 
elast meric material 144. Contraction of alternate wires 40 causes elastomenc - 
144 to twist as shown by arrow 146 in Figure 77. Once again, the restonng force of 
elastomeric material 144 can return the body to the original configuration. 
Contraction of all wires 40 together will cause the three dimensional body to elongate, as 
in the Figures 73 and 74 embodiment. 

Industrial A p plicability 

It will be apparent to one skilled in the art that the invention in its varioua aspeets has 
wide indnsll applicability, providing fasteners, fastening systems and other aspeets for 
a plurality of industries, 
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